Backgrounds/Aims: Pancreatic leakage is a major cause of postoperative death and morbidity after pancreaticoduodenectomy (PD). A recent study introduced Blumgart anastomosis (BA), which minimizes severe complications after PD. This study compares BA with conventional anastomosis (CA) for pancreaticojejunostomy (PJ) after PD at a single institution. Methods: A total of 87 patients who underwent PD at our hospital between January 2003 and October 2015 were enrolled in this study. The patients were divided into two groups according to the anastomosis type. Of them, 44 patients underwent anastomosis using CA (group A, conventional duct-to-mucosa anastomosis) and 43 underwent anastomosis using BA (group B, Blumgart anastomosis). Results: There was a significant difference in duration of the operation between groups A and B (473.1±102.0 versus 386.4±58.5 min, p<0.001) and intraoperative transfusion (2.2±2.7 versus 0.7±1.5 units, p<0.001). There was no significant difference between groups A and B in incidence of postoperative pancreatic fistula (POPF) 
INTRODUCTION
Pancreaticoduodenectomy (PD) is a surgical procedure for malignant and benign tumors of the pancreatic head, common bile duct, duodenum, and ampulla of Vater.
Pancreaticoenterostomy after PD is called "Achilles' heel" because it entails the highest risk of surgical complications among all abdominal anastomoses, resulting in pancreatic fistula (PF). 1 PF is a major cause of postoperative complications after PD and a potentially serious, lifethreatening event associated with intra-abdominal fluid collection or abscess, hemorrhage, the occasional need for reoperation, and possible death. 2 At high-volume hospitals, deaths after pancreatic resection have recently decreased to less than 5%, but the morbidity remains high, ranging from 30% to 50%. 3 Although various techniques of pancreaticojejunostomy (PJ) have been attempted to decrease postoperative deaths and morbidity, there is still no standard technique to decrease the incidence of pancreatic leakage. 4 In 2000, a new technique was first described by Blumgart. The technique includes duct-to-mucosa anastomosis and four transpancreatic U-sutures. Recently, Kleespies et al. 5 reported that Blumgart anastomosis (BA) minimizes severe complications after PD. Our study was conducted to compare BA with conventional anastomosis (CA) for PJ after PD.
MATERIALS AND METHODS

Patients
A total of 87 patients who underwent PD at the Depart- 
Anastomosis type
CA is a duct-to-mucosa PJ (Fig. 1 ). Six to eight non-absorbable interrupted sutures (Softsilk TM 3-0, Covidien) were placed between the posterior surface of the pancreas and the seromuscular layer of the jejunum. After making a small incision in the jejunum, four to six absorbable interrupted sutures (Vicryl 5-0, Ethicon) were placed between the pancreatic duct and the jejuna mucosa in an end-to-side fashion, and then the anterior layer of the pancreas and the jejunum was approximated in the same manner as described above.
BA is a new transpancreatic U-suture technique with modification of duct-to-mucosa anastomosis (Fig. 2) to create an anterior outer layer after constructing duct-to-mucosa anastomosis. 5 Then, the pancreatic remnant was totally covered with jejunal serosa. Pancreatic duct stents were not routinely inserted, but were used at 
Statistical analysis
Comparisons between the two groups were made using 
RESULTS
Patient demographics
A total of 87 patients were included in the present study. Of these, 44 underwent CA (group A) and 43 pa- 
Surgical results
Data about the surgical procedures are shown in Table   2 . There was a significant difference between the two groups in the incidence of malignant and benign diseases. 
DISCUSSION
Deaths after PD is low, but morbidity remains high.
The main postoperative complications include POPF, PPH, and DGE. POPF is a major cause of morbidity after PD. Several surgical techniques have been studied to prevent pancreatic fistulae. However, there is still no standard technique to prevent POPF. We have observed healing of POPF with internal drainage after enucleation of pancreatic benign tumors. Thus, a PJ-site fistula is expected to properly heal with internal drainage, if the sutures between the jejunum and the pancreas firmly anchor the gland to the jejunum, preventing full disruption of pancreaticojejunostomy. In order to prevent tangential tension and shear forces during the healing of POPF, we decided to make the fewest mattress sutures. Based on these results, BA-type PJ was thought to be a suitable procedure and has been performed since 2010 in our department.
There are many types of pancreaticoenterostomies, including PJ and pancreaticogastrostomy. Additionally, there are many types of PJ, such as duct-to-mucosa anastomosis, an invagination-like "dunking" technique, and various modifications. PJ is generally the preferred techni- Fisher's exact test, ‡ Mann-Whitney U test POPF, postoperative pancreatic fisula; PPH, postpancreatectomy hemorrhage; DGE, delayed gastric emptying que for reconstruction after PD. However, Bassi et al. 9 indicated that pancreaticogastrostomy reduces the risk of associated complications, including biliary fistula, postoperative fluid collection, and DGE. Topal et al. 10 demonstrated that pancreaticogastrostomy decreases the incidence of POPF.
The conventional duct-to-mucosa method is an end-to-side anastomosis technique. Z'graggen et al. 11 reported that POPF developed in 2.1% of 331 patients who underwent conventional duct-to-mucosa anastomosis after pancreatic head resection. Some authors have described invagination procedures. Langrehr et al. 12 described a new mattress suture technique that was performed after placing an incision of the same size as the pancreatic cut surface in the jejunal loop and positioning U-stitches, which resembles the previously reported "Dunking" technique.
They also stated that there was no significant difference in the incidence of POPF between the duct-to-mucosa and new mattress anastomosis groups. Peng et al. 13 also proposed that the hospital stay is shortened and the incidence of POPF is decreased (compared to the results from conventional PJ) by binding PJ , in which the distal 3 cm of the jejunal loop to be used for anastomosis is everted and its mucosa is ablated by either electro coagulation or topical treatment with 10% carbolic acid, followed by immediate rinsing in 75% ethanol and normal saline.
However, Maggiori et al. 14 showed that PPH is more frequent in the binding PJ group after PD.
Several modified techniques have been reported. In a recent study, Kleespies et al. 5 reported that BA minimizes severe complications after PD. Grobmyer et al. 6 suggested that Blumgart PJ is applicable to all patients in whom the pancreatic duct is identified and is associated with significantly low postoperative morbidity and deaths. Fujii et al. 15 documented that the incidence of POPF was lower in the modified Blumgart anastomosis group, which used only one to three sutures, than in the Kakita group.
Our study was designed to compare BA with CA for PJ after PD at a single institution. There was no significant difference in morbidity between the two groups, unlike in other studies. In our study, there was no significant difference in the overall incidence of surgical and non-surgical complications between the two groups.
However, significant differences were found in median duration of operation and intraoperative transfusion. Also, POPF, PPH, and DGE developed more frequently in group A, although the difference was not statistically significant.
The International Study Group of Pancreatic Fistula classification was updated during this study; the grade A postoperative pancreatic fistula was called a "biochemical leak," because it has no clinical significance. 16 Therefore, we re-analyzed the incidence of POPF grades B and C.
There was no significant difference between groups B and A in the incidence of POPF grades B and C (13.7% versus 2.3%, p=0.110). However, POPF grades B and C occurred more frequently in group A. Further study with more cases would be necessary to improve these results.
Respiratory events occurred more frequently in group B, perhaps because of the changes in therapeutic percutaneous drainage techniques over time or because the group B patients were slightly older than those in group A.
Our study has some limitations. First, it was a retrospective, single-center study. Second, it was based on a small sample size. Third, these patients were not contemporaneous; a difference in technical proficiency may have developed over time.
Despite the small sample size, we recognized that the PJ anastomosis is an important and key procedure. If POPF occurs, we want to protect the main bleeding site, such as the gastroduodenal artery stump, and to do adequate drainage. Owing to delayed hemorrhage from the gastroduodenal artery stump, we have protected the gastroduodenal artery from crushing injury during ligation and cutting of the artery. Additionally, we used duct-to-mucosa anastomosis with six or more stitches and omental patches in the Blumgart anastomosis.
In conclusion, there were significant differences between the two groups in duration of operation and intraoperative transfusion, although the overall incidence of surgical and non-surgical complications was not significantly different. The results of this study suggest that BA-type PJ is not inferior to CA-type PJ in terms of postoperative complications.
